Abstract-The aim of this thesis is to determine the horse's gait types using the acceleration values measured from the horse. Measurements were taken at a race track in Gävle, Sweden. A total of five Nanotrak sensors were used, four on the different parts of the horse, and one on the hand of the horse's driver; a car was driven parallel to the horse and the motions of the horse was recorded by a camera in order to synchronize with the data measured by the sensors. In total four sets of measurements were recorded. The software to process the data was Matlab, and the main mathematical tool to analyze it was Short Time Fourier Transform (STFT), different windows were evaluated as well as the data length.
I. INTRODUCTION
Horse trotting match is very famous in many countries. In Sweden, with 9.6 million inhabitants, the total turnover is 13.5 billion every year. Similar to other competitions, the Swedish horse trotting has its own regulations, according to the Swedish Competition Regulations, No.60 -Unauthorized gait and unclean trot. It means that the horses can only trot during the matches, and other gait types like canter and amble are not allowed. However, the judgment of the gait types can only be observed by eyes or with the help of TV cameras currently, i.e. there is no system to automatic determine whether a horse is trotting, cantering or galloping during the match.
Recently, a system that could automatic position the trotting horses and automatic determine the horses' gait types was developed by the New Century Information (NCI), and a combination of sensors like GNSS (i.e. GPS + GLONASS + GALILEO + COMPASS + DGNSS), accelerometer, gyroscope and magnetometer are adopted to perform such research, and these sensors are now called geo-sensors. This system had been tested for 6 months in Gävle, Sweden, and some initial measurements had been done, but the data processing had not started.
From the previous equine studies, the majority of the subjects were focused on the horse movement using kinematic or kinetic analysis, tools like treadmill, force shoes, force plate etc. , methods like photographic system, optoelectronic system etc. and parameters such as Ground Reaction Force (GRF), stride length, displacements etc. were often used in the kinematic or kinetic analysis [1] . More interests were put in the aspects like determination of whether a horse had lameness using kinematic or kinetic data when the horses moved with certain gait types (e.g. walk, trot, canter, and gallop). Although sensors like accelerometers were used by some researchers during their studies, nearly none of them applied acceleration to the gaits determination. For example, Barrey et al. [2] used two accelerometers mounted beneath the horse's sternum to measure longitudinal and dorsoventral accelerations of the trunk. Keegan et al. [3] combined the accelerometer with gyroscopic transducers to indicate the timing and the stance phase, so the location of the lameness could be determined. M. H. Thomsen et al. [4] developed three symmetry indices (i.e. W, S and A) based on the accelerometric data in trotting horses to judge whether the horses had lameness. H. Uchiyama et al. [5] from Japan compared the walking types among different kinds of horses and human using acceleration values both in time domain and frequency domain. However, a paper published early in the 2014 seemed to change the picture, J. B. Burla et al. [6] from ETH Zurich, Switzerland used absolute acceleration values from horses of different breeds to distinguish among four different gaits (i.e. stand, walk, trot, and gallop), and found very good intervals of acceleration amplitudes of different gait types without any overlaps, so it would be easy to judge the gait types by simply observing the absolute acceleration values.
The aim of this study was to take advantage of the acceleration values from the data measured by geo-sensors mounted on a horse, and then processed and analyzed them to find an algorithm to determine whether the horse had pure trot or not. Different methods in signal processing were tried, and comparisons were made so as to choose the proper one. Moreover, time synchronized videos were provided to help identify the results.
II. METHOD
The method used is based solely on measured data. From the measured values different approaches has been compared and evaluated. The most important design choices are described in the following subsections.
A. Sensors used in the study
The sensors used in this study were called Nanotrak, they were developed by the Catapult Sports from Australia. The Nanotrak contains tri-axial accelerometers, gyroscopes and magnetometers, and provides movement quantification for indepth analysis. The Nanotrak measures the data at a sampling frequency of f s = 100 Hz.
The orientation of the sensor is shown in the Fig. 1 , the orientation of the 'Forward' accelerometer which measures the anterior/posterior acceleration has not been shown, but is perpendicular to 'Up' and 'Sideways' seen looking into the Fig.  1 .
B. Placements of the sensors
In equine studies, the accelerometers had most often been put on the hoof wall to detect initial ground contact [1] . However, the purpose was different in this study, the aim was to find which part on the horse had the most stable acceleration, so in order to decide which part on the horse was the best place to mount the sensor, four sensors were put on (i) the head, (ii) the back, (iii) the left side and (iv) the right side of the trunk of the horse respectively. The selection for these positions was just a try, and covered the main parts on the horse, because no papers were found to discuss the best position of the placements of the sensors on the horses. There was also a sensor held by the driver of the horse on the hand, and this sensor would be treated as a reference for the other sensors. Hence, there were five sensors in total.
C. Classification method
The methods of the classification for determining the horse's gait types include amplitude, ratio, and the least squares (LS) errors. The method of analyzing the amplitude is to use the absolute acceleration values, because the acceleration of the horse may change when it goes from trot to canter, so there will be a threshold when the horse changes its gaits, but the disadvantage of this kind of method is that the threshold may vary for different horses. The amplitude used in this study is the amplitude of the fundamental frequency component, which was found by using the Fourier transform. Fig. 2 shows a typical frequency plot from the measurements. The fundamental frequency component is slightly less than 5 Hz.
Another kind of method is to find the ratio between the peak and the harmonics in the frequency domain, and the ratio may also change when the horse changes its gaits, so there will be a threshold in the middle as well. The method of finding ratio is more trustworthy, because the ratio may keep constant for different horses. However, this method turned out to be less reliable to distinguish between trot and canter and is not covered in this paper.
The results of LS include two parts. In the first part, the typical frequency spectrums of trot and canter are constructed under controlled conditions. Then, the spectrum is continuously measured during the race and it is compared with the typical values. The sum of the squared errors between the measured spectrums and the typical trot and canter spectrums are calculated separately to see which one is smallest; in other words, whether the measured spectrums are closer to typical trot or typical canter. For the second part, the procedure are similar to the first part, but instead of using frequency spectrums, the typical histograms of trot and canter are constructed from time domain data, and compare with the histograms of the continuously measured values.
As will be seen in the results, the successful classification method for determining the horse's gaits in this study was to analyze the amplitudes, which used the absolute acceleration values. This method was based on the assumption that the acceleration of the horse might increase when it went from trot to canter, so there might be a threshold (denoted as A 0 ) at one time point (denoted as t 0 ) to distinguish between these two kinds of gaits. Trough out this paper all measurements starts with the horse trotting and at time t 0 passes to cantering.
In addition to the threshold, another parameter which could be called as percentage of misclassification would be applied. If the amplitude of one time point before t 0 were bigger than A 0 , then it would be regarded as one misclassification and for the time point after t 0 , it would be vice versa. The ratio between the 
Fig. 2. STFT of the vertical acceleration of the horse's head
total number of misclassification and the total number of time points would be the percentage of misclassification.
D. Short Time Fourier Transform
When processing the data in Matlab, the Short Time Fourier Transform (STFT) was applied; four different kinds of window functions were used, i.e. Rectangular, Hamming, Hanning and Gauss. Moreover, different data lengths were also tried, assume the data length to be N, and N = 2
x (x is a positive integer from 4 to 10) would be used. To determine which window and which data length is most appropriate, they have been evaluated based on the percentage of misclassification.
III. MEASUREMENT
The measurement was held in the Gävletravet in Gävle, Sweden. The five sensors were started simultaneously in order to be time-synchronized, and then mounted on the horse. The horse was driven by the driver to run around the track, and the motions of the horse were captured using a camera on a car which was driven parallel to the horse, the camera recorded the motions at a speed of 30 frames per second (fps), a total of three sections of videos were taken. The videos taken by the camera would be used to synchronize with the data recorded by the sensors. The horse was driven to trot first, and then canter, in order to find the differences between these two gaits in further analysis. The threshold was determined from the first set of data and the evaluation is done in the last two data sets.
IV. RESULTS
Initially, the placement of the sensor, the most appropriate direction of the accelerometer and the classification method were evaluated. As can be seen in Table I -III, the suggested method based on the amplitude and vertical acceleration data from the head were found to be the best.
In order to select window Hanning was the best to smooth the curves. Thus, Hanning window is used in all evaluations henceforth.
In Table IV , the data length has been explored. The data lengths which were less than 512 have been ignored due to their bad performance. Although the percentage is lower when N = 1024, the time delay will be very long, since f s = 100 Hz, the time delay will be N*(1/ f s ) = 10.24 s. Thus, the data length of 512 is the most proper one, although the percentage is a little bit higher. Applying Hanning window and N = 512 to the vertical acceleration data of horse's head which had the same durations as the other three videos, the thresholds and the percentages of misclassification were shown in Table I-III. The amplitude of the fundamental frequency component as a function of time is plotted in Fig. 3 ; the upper curve (a) is for a data length of 512 and the lower (b) is for 1024. The time axis had been adjusted according to the first video, the first video lasted about 215 s and the horse changed its gait at about 169 s, and the approximate time point when the horse changed its gait had been marked.
The thresholds and percentages of misclassification of the results as shown in the Fig. 3 are shown in the Table IV. V. DISCUSSION
The acceleration of the vertical direction of the horse's head performed the best and gave the most satisfactory results among the other directions and the other parts of the horse, but the positions of the placements of the sensors were not limited to the back, the head, the left side and the right side of the trunk, they could be mounted on the other parts of the horse to study the performance.
The STFT was used to analyze the data in Matlab, different windows and data lengths were applied, and Hanning window was the best to smooth the curves, N = 512 was the most proper data length, although the time delay would still be a little long, it could be solved if we had higher sampling frequencies.
For the classification of the horse's gaits, amplitude based on the STFT was the major method, and thresholds and percentages of misclassification were found, but the results were not very satisfactory for all of the videos, and there was a main drawback of this method, because the amplitude of the acceleration might change due to the breeds, heights, and ages of the horses, so more measurements had to be done to validate the reliability of this method. As for future research, more classification methods will be evaluated, such as Maximum Likelihood, wavelet and statistical properties. It is also important to stress that more verifying measurements are necessary; both to find a robust method that is valid for different horse breeds and individual characteristics but also to develop suitable thresholds values.
VI. CONCLUSION
Horse trotting matches are very popular worldwide. In horse races it is important to detect unauthorized gait. The development of new, cheap and light weight sensors enables new technology to detect unclean trot. In this paper we have shown a novel method to determine a horse's gait. The classification method used is promising and gives a misclassification of less one percent. However, more measurements will be needed in order to present a generally applicable method.
